Introduction Invasion of veins by carcinoma and the production of distant metastases by the blood stream is now recognized to be common. Willis (1952) noted that "neoplastic penetration into the venous blood stream is present in greater or less degree in at least 50% of all fatal cases of malignant growth". Venous invasion in a resected operation specimen is not necessarily fatal; for example, in Dukes and Bussey's (1958) series, of 197 cases of carcinoma of the bowel with venous invasion, 35-4% survived for-five years. In animals, in order to produce a "take" of intravenously injected malignant cells, it has usually been necessary to introduce them in large numbers (Zeidman et al., 1950) . These facts suggest that circulating malignant cells may be destroyed. On the other hand some experimental work suggests that if the injected cells are really undamaged, only very few are necessary to produce metastases, and leukwmia has been transmitted with a single cell (Kahn and Furth, 1938; Hewitt, 1958) .
With the recent revival of interest in the cytological diagnosis of cancer, there now are a number of centres where blood samples are being examined for circulating cancer cells. It is hoped that valid quantitative results will be obtained in different conditions and on the factors which alter their numbers. Technique
Carcinoma cells have hardly ever been seen in direct blood films and concentration methods are necessary. Several techniques have been evolved. The "histological" approach was used by Pool and Dunlop (1934) and by Engell (1955) .
MARCH
The red cells are heemolysed and the remaining white cells are centrifuged, fixed, sectioned, and stained with hmmatoxylin and eosin. Sandberg and Moore (1957) , of Buffalo, use a "hematological" method. The red cells are made to sediment rapidly by means of fibrinogen and the supernatant plasma is centrifuged. Films are made of the cell deposit and are stained by the methods used in hnmatology. As the only losses that occur are from tumour cells going down with the red cells or adhering to glass, most of those present will probably be seen in the films. This method poses the fewest difficulties of interpretation, because a trained hematologist already knows the cells normally present, including cells such as megakaryocytes which might be mistaken for tumour cells. Moreover, the preparation causes no morphological changes in the cells.
The method which theoretically permits the least loss of tumour cells is that in use at Bethesda (Pruitt et al., 1958; Malmgren et al., 1958) . The red cells and many of the white cells are destroye( with streptolysin-O, and the whole specimen is then passed through Millipore filters, which are then fixed, stained by the Papanicolaou method and mounted in their entirety. Unfortunately, the largest pore size available still holds back practically all the white cells, and the material for study is in our experience no better preserved or easier to interpret than with the "histological" method. In an attempt to concentrate the tumour cells with the least possible admixture of white cells Warren Cole and his associates in Chicago (Roberts et al., 1958) use an albumin flotation technique. After sedimenting the red cells with fibrinogen, they layer the plasma containing the white cells on to an albumin solution of specific gravity 1 -065, and centrifuge until all the heavier cells are deposited. The tumour cells are lighter, and this layer is removed and stained by Papanicolaou's method. Thus at the risk of losing some of the cells during the procedure, they obtain very concentrated preparations which are much less trouble to scan than those produced by other methods. Dr. R. F. Alexander and I have compared an albumin flotation method with the Buffalo maethod after adding known numbers of human tumour cells to blood samples. Although the albumin method appears more satisfactory, in that tumour cells are seen alone on a background of platelets, the actual numbers recovered are a good deal smaller. We therefore think that the Buffalo method is the best for small samples of blood. However, if volumes larger than 5 ml are to be used the Buffalo method becomes impossibly laborious, owing to the large numbers of films produced, and an albumin concentration method on large volumes of blood may turn out to be the method of choice.
Before describing the findings of the various workers in this field, it is necessary to examine the evidence on which cells from the blood are identified as malignant. When numerical data are presented, these are not readings on an instrument with a known error. They are opinions, whose validity depends entirely on the experience and temperament of the observer. In diagnostic exfoliative cytology, we come to an opinion about the cells and try to make an accurate diagnosis. We then follow up the cases, and any mistaken diagnoses will eventually come to light and our opinions can be corrected. Unfortunately, in the present type of study mistakes are not so easily detected. Unusual cells are apt to occur in cancer, and if these are misdiagnosed we can never be proved wrong. Moreover, we are not in this case coming to a decision which is valid only for one patient; we are collecting biological data which are meant to cast light on the behaviour of malignant growths in general, and for this purpose even stricter rules of evidence need to be applied. In particular, a thorough familiarity with the blood cells of patients without carcinoma is essential-not only the cells of conventional hematology, but those which circulate in very small numbers and can only be found by concentration techniques. Even then, results obtained by this method are likely to carry rather less conviction than biological tests for actual tumour production by inoculation of blood samples, such as can be used in animal work (Goldie et al., 1953) . Pruitt et al. (1958) .. 39 Fletcher and Stewart (1959) .. 17 39 *Mostly early cases supposed to be identifiable, according to the different authorities. The samples have usually been of two kinds; arm vein blood from cases of cancer, and local venous blood from the drainage area of malignant tumours, mostly gastrointestinal.
Occurrence of Tumour Cells in Blood
It has often been noted that supposedly malignant cells can be found in the blood of patients with operable tumours. Engell (1959) has followed up his cases and finds that 51 % of those surviving for five years or more were originally said to have circulating tumour cells at the time of operation. He deduces from this that the finding of tumour cells is of little prognostic significance, and that the cells in these cases had perished in the blood stream. The effect of manipulation of a malignant tumour at the time of operation has been studied by several workers. Engell (1955) and Sandberg and Moore (1957) found no difference in the numbers of circulating tumour cells before and after manipulation. The Chicago group, however, have published graphs showing in a few cases a substantial rise in the numbers of tumour cells during surgical operations, and a fall to zero after removal of the tumour (Roberts et al., 1958) . This is one of the arguments in favour of the idea that cytotoxic drugs should be given at the time of operation in order to reduce the chances of metastasis Shimkin and Moore, 1958) . As this prophylactic measure is admittedly liable to produce complications of its own, particularly bleeding and infection in the post-operative period, it seems most important to have the fullest possible confirmation of the data on which this suggestion rests.
Dr. R. F. Alexander and I have for some time been studying the morphology of white cells seen in concentrates from the blood, not only from cases of malignant disease but also from patients suffering from other illnesses (including leukoerythroblastic anemia due to myelosclerosis) and from normal persons. The method used was similar to that of Sandberg and , except that we prefer dextran to fibrinogen for sedimentation. The whole white cell deposit is spread in films and all the films are examined. We have been impressed with the variety of non-malignant cells which can be found occasionally in small numbers in the blood. Some of these cells are familiar from the bone-marrow; for instance, megakaryocytes can be found in nearly every sample and are usually of a small variety. Sometimes they have a single entire nucleus and a narrow cytoplasm, and by some of the other techniques would be very difficult to distinguish from tumour cells. Moreover, they are particularly numerous in leuko-erythroblastic anmmia, of which a common cause is advanced malignant disease. Being polyploid, if they are seen in mitosis they look particularly "malignant". Tuirk cells (i.e. plasma cell series) are always present, and the largest forms might cause confusion. They often divide in the circulation, but the mitoses are not abnormal. These are presumably the same as the cells which Cronkite and his associates (Bond et al., 1958) find to be capable of DNA synthesis in the circulating blood. Endothelial cells are a well-known trap for the unwary, especially as they form aggregates with nuclei which sometimes vary in size. There is room for much more study of the variations of these cells in pathological conditions. Macrophages are occasionally seen, and some remarkable examples are shown by Sandberg et al. (1959) . Finally we have sometimes found cells which we could not identify, but which did not correspond with familiar varieties of malignant cell. When such cells occur in cancer cases there is a temptation to label them as malignant, but without further evidence this is unjustifiable.
In a series of 100 cases of malignant disease presented to the Pathological Society in July 1959 by Dr. Alexander only 7 were found to have acceptable tumour cells in 4-ml samples. These cases included a malignant melanoma and a malignant synovioma, both with multiple bloodborne metastases. The remaining 5 had carcinomas. In 3 of these the positive samples were from the antecubital vein (2 with carcinoma of the bronchus, and 1 of the breast). 1 with carcinoma of the bronchus had tumour cells in pulmonary vein blood, and 1 with carcinoma of the stomach in a vein close to the tumour. All of these patients are dead, none of them having been found operable.1 In our series, therefore, there has been no evidence of a general tendency for operable tumours harmlessly to shed malig-'In one operable case of carcinoma of the bronchus collections of unusual cells were found in pulmonary vein blood, which at first were thought to be malignant. It is now evident that they were pericardial mesothelial cells, whose presence was due to accidental aspiration of pericardial fluid during collection of the specimen. nant cells into the veins; on the other hand, we find the presence of tumour cells to be associated with a bad prognosis. As our findings differ so strikingly from those of all other authorities, some explanation must be sought for the discrepancy. There are several possibilities, and without seeing all the preparations concerned it is impossible to judge. However, it is my strong suspicion that tumour cells have been over-diagnosed in the American and Danish series. Until we have much more information about the other uncommon cell types which can be found in the blood, I consider that no firm conclusions about the behaviour of human cancer should be drawn from any of this work.
Professor Gilbert Causey (London): Electron Microscopic Observations-on the Mucous Membrane of the Stomach and ofExfoliated Cells
The examination of the secretions and excretions of the human body as an aid to diagnosis is as old as medicine itself, and it is not surprising that each new technical advance has been applied to these materials. This paper deals with the first application, as far as I am aware, Proceedings of the Royal Society of AIedicine of the electron microscope to the diagnosis of lesions of the stomach. Before applying this technique to human material an attempt was made to distinguish morphological differences in the electron microscopic picture of normal and neoplastic cells from artificially produced tumours in animals. Fig. 1 shows a fairly high magnification of the nuclear surface in a normal Schwann cell fronm the sciatic nerve of a mouse. It can be seen that at the junction between the nucleus and the cytoplasm there are two electron dense lines in this preparationi, the one (NS) on1 the nuclear side and the other (CS) on the cytoplasmic side.
These two lines run roughly parallel over considerable distances. One nuclear pore with the formation of mitochondria at or from the nuclear surface (Causey and Hoffiman, 1955; Barton and Causey, 1958; Hoffman and Grigg, 1958; Brandt and Pappas, 1959) . The interest In the present connexion Is stimulated either to physiocell. Electron dense logical activity by section of toplasmic sides of the the nerve trunk or to neonria (M); axons (Ax). plastic change by the injection of the carcinogen dimethyl benzanthracene there is a gross increase in Harold Burge. Fig. 2 shows a low-power electron micrograph of a few cells from the human gastric mucous membrane. The tall columnar cells have a villous border at the side abutting .. on the duct towards the 9 upper right (this tiny piece came from the pyloric antrum). This villous border tends to be less well marked as the lumen of the of the human pyloric stomach itself is approachic inclusions. 4,500. ed, and the boundaries between the cells become drawn out until, when shed, these cells appear r1 to adopt the overall villous appearance shown in Fig. 3 . At the base of one of the mucosal cells in Fig. 2 a smooth, oval nucleus is shown, and between the basally placed nucleus and the villous border the Golgi zone, the endoplasmic reticulum and ; numerous mitochondria can be distinguished.
Specimens for electron cytology were obtained by washing out the stomach with 100 c.c of Ringer's solution after removal of the stomach content through a stomach tube. The fluid obtained from the gastric lavage was kept in ice until it could be spun down and the pellet obtained was then fixed in 1 % buffered. osmium tetroxide for half an hour. After further centrifugation the pellet of osmium-fixed material was then treated by the routine methods   FIG. 3. of our laboratory for electron obtained b microscopy, that is dehydration in x 4,500. graded alcohols, embedding in methacrylate, thin sectioning of the block on a Cook and Perkins microtome, and examination in a Metropolitan-Vickers microscope, either the EM4 or the EM6 model. Fig. 3 shows a typical field of a _ thin section from such a pellet obtained by gastric lavage. Parts of ; three mucosal cells are shown, to-0 gether with various smaller cellular: structures. The crenated border of the mucosal cell cytoplasm is clearly shown, and the great loss of cytoplasmic detail as compared with the cells of Fig. 2 is also obvious. The nuclear surface of the central cell of the field is seen to be round and smooth. One point that was immediately gratifying was that in these preparations we have always found plenty of mucosal cells for examination. At least 50 mucosal cells have been examined from each specimen FIG 4 and the nuclei of these 50 cells mucosal ce when they were present in the with gastrin section have been classified as "normal" or "abnormal" according to the subjective estimate of their nuclear surface. An example of an "abnormal" nucleus is shown in Fig. 4 ; the nucleus is round but the surface is very irregular, the outer lamina -A field from a thin section of mucosal and other cells by gastric lavage from a normal stomach. Nucleus (N).
-The nucleus and a small portion of cell surface of a 11 from a pellet obtained by gastric lavage from a patient ic carcinoma. x 7,500.
of the nuclear membrane coming away from the inner lamina. Frequently "abnormal" -nuclei show not only this fine irregularity but also a gross, overall convolution of the nuclear surface. The nuclear counts obtained in this way from 5 173 15 patients are shown in Table I . The difference in these semi-quantitative estimates between the nuclear picture obtained from ulcers and carcinomas is strikingly and significantly different from the washings from patients with no stomach lesion. But it is too early to draw any conclusion on the differences between carcinomas and simple ulcers. Indeed, further work since this paper was read has made it clear that a considerable proportion of the mucosal cells may be from the esophagus or oropharynx.
I propose to limit my remarks almost entirely to cytological examination of sputum and prostatic secretion. In the majority of cases, carcinoma of the lung can be diagnosed by clinical and radiographic examination together with bronchoscopy and removal of suspected tissue for histological examination. In about 30% of cases, however, the tumour is peripheral and beyond the reach of the bronchoscope. A diagnosis of bronchial carcinoma depending upon clinical and radiological evidence only is less certain and in these cases a correct positive report of the finding of malignant cells in the sputum or bronchial secretion, and further of the type of malignant cells present, may be important.
[Lantern slides were shown of an oat cell, squamous cell and alveolar cell carcinoma, in which diagnoses were made by cytological examination after negative bronchoscopic examinations.] I doubt if there is any cytologist who has never given a false positive report and it is difficult to see how these can be entirely avoided. I think, however, that with continued practice and experience these mistakes can be reduced to a very small percentage. It is essential that as many specimens of sputum as possible should be examined cytologically even in cases easily diagnosable by the bronchoscope. Careful comparison should be made between the suspected cells found in the sputum and those seen subsequently in the histological sections of the growth made from a biopsy, from operation, or from post-mortem examination. There are a number of different types of malignant cells in bronchial secretion and by constant practice these can be identified and standards established. In the case of the bronchial secretion I would agree that much better results can be obtained by the examination of bronchial mucus removed by aspiration than from saline washings of the bronchi.
Of more than 500 specimens of prostatic secretion obtained by massage about one-third have proved to be inadequate. The smear preparations did not contain sufficient prostatic epithelial cells for critical examination: in many cases there was none. In some cases of scirrhous carcinoma malignant cells cannot be found in the smear but this applies only to a minority of cases of prostatic cancer. It seems that in many cases even in experienced hands there is difficulty in obtaining a satisfactory specimen. The appearances of the groups of malignant cells found in the smears vary considerably in different cases and cytological patterns can be recognized, which have been confirmed histologically following either biopsy, prostatectomy or post-mortem examination. It is possible that different cell types may vary in their sensitivity to endocrine therapy.
[A number of lantern slides showing the different types of malignant cells found in prostatic smears were shown.]
There are great difficulties in the follow-up of cases suspected of having carcinoma of the prostate owing to the age at which this condition occurs and to the fact that in many cases there is no biopsy and operation is neither contemplated nor performed. In spite of the initial difficulty in obtaining a suitable preparation I think that cytological diagnosis of prostatic cancer, judged by the results to date, can be a valuable aid in diagnosis.
Dr. R. Schade (Newcastle-upon-Tyne):
Gastric Cytology The long-term results of gastric surgery for carcinoma appear even to-day, seventy-eight years after Billroth performed his first gastrectomy, most unsatisfactory. It is, of course, true that the immediate post-operative outlook of the patient with gastric cancer has been markedly improved but the figures of ten-year survival after gastric surgery for carcinoma are still most disappointing. So far, radiology and gastroscopy have been the most important procedures for the diagnosis of gastric carcinoma. I venture to say that they have failed to demonstrate the early lesion of gastric carcinoma-the so-called surface carcinoma. Excision of this type of carcinoma may, one hopes, result in a cure.
Already during Billroth's lifetime attempts were made to diagnose carcinoma of the stomach by cytological methods. Many publications report on the presence of mucosal fragments in gastric lavage specimens. Their diagnostic value was, however, considered to be doubtful. Marini (1910) published a detailed study of cells found in gastric lavage specimens. His findings and descriptions of the desquamated cells of the stomach in health and disease were extremely accurate and are still acceptable to-day. He convinced himself of the usefulness of gastric cytology and envisaged that it would become a generally accepted technique for the diagnosis of gastric cancer. His work fell into oblivion. Papanicolaou's publications (Panico et al., 1950) created a new interest in cytodiagnosis. It is, therefore, not surprising that this technique has been taken up for the diagnosis of gastric cancer. Some years ago, Professor John Gilmour in my hospital asked the pathological department to evaluate gastric exfoliative cytology in the diagnosis of carcinoma. It became, therefore, necessary to study histologically those conditions which are associated with exfoliation of mucosal cells. It was already known, mainly as the result of Boas's work (1925) , that the inflamed gastric mucosa sheds cells more readily than the normal mucosa. This we could confirm. Exfoliation can also be observed in carcinoma and particularly in cases with small, actively growing tumours. Raskin et al. (1958) observed that in malignant conditions exfoliation is more marked than in inflammatory conditions and that, therefore, large numbers of cells can be expected in lavage fluid. This observation was again confirmed by us.
Cytodiagnosis is of recent origin but already many methods are in existence for the collection of gastric cellular material, falling into two main groups: (1) Methods depending on mechanical removal of cells, such as Papanicolaou's abrasive balloon, Henning's Zelltuppsonde (Henning, 1952 ) and Ayre's gastric brush (Ayre and Oren, 1953) .
(2) Methods depending on a simple lavage with or without mucolytic agents.
We decided to use a simple saline lavage because of the gentleness of its action and the ease of application. The method used by us was first described by Graham et al. (1950) . Certain precautions have to be taken when using the lavage method. One must feel certain that the sample for examination is representative and for this reason it is desirable to have one reliable person to perform the lavage. This is, however, impracticable in a large hospital. We have, therefore, adopted the principle of several lavages performed on two or three consecutive days. If their cytological findings are comparable, the result can be considered reliable. The simple lavage washes out the cells already free or detaches those just about to be desquamated. We consider it of no value to combine lavage with abrasive methods such as the abrasive balloon. On the contrary, it is our opinion that a combination of the two methods may result in difficulty of interpretation as the artificially abraded cells look different from exfoliated cells. We found it no advantage to use a lavage fluid containing mucus solvents such as papain or a-chymotrypsin. So far more than 3,500 patients have been examined by this method. In a series of 522 consecutive cases which had one or several cytological examinations and subsequently a partial gastrectomy which allowed us to compare cytological and histological findings, the overall accuracy achieved amounted to 96-4%. The 522 consecutive cases consisted of nearly an equal number of cases operated on for gastric carcinoma and for gastric, duodenal and gastroduodenal disease such as peptic ulceration. The cancer group showed an accuracy of 97-6%, the other group an accuracy of 94-8%. The last figure indicates that some false positive cytological results were given. Histological study of those cases can give the answer to the incorrect cytological diagnoses. In those cases regenerating epithelium at the edges of ulcerated areas, or severe gastritic changes, appeared so highly atypical that the histological appearance left some doubt about the nature of the lesion.
The false negatives in the cancer group are commonly the result of inadequate cytological material. I have personally no doubt that false negative cytological results in cancer cases are easier to avoid than the false positive gastrocytograms; indeed they can be eliminated. More important than the above figures is the fact that 31 cases of surface carcinoma could be detected in a series of 258 cases of carcinoma. Of these, 18 cases were entirely unsuspected clinically and radiologically.
To conclude, the simple saline lavage appears useful for the study of gastric inflammatory disease and neoplasia. It gives accurate results provided the technique for obtaining cellular material is strictly controlled.
